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@ Pneumatic tyre. 

@) A pneumatic tyre has a tread part (1) witl Lone 
circumferential wide groove (5) continuously 
extending in the ciroimmrential directbn. A 
centroid (G) of a cross^section of the drcumfe- 
rential wide groove (5) deviates from the tyre's 
equatorial plane (CL) so as to divide the tread 
part (2) into a narrow tread section (3) and a 
broad tread sectbn (9). One (9) of the groove 
walls (9,10) extends along a curve convex out- 
wardly in the tyre radial direction from one of 
the bottom edge (7a) of the circumferential wide 
groove (5) and is smoothly connected to the 
outer surface of the tread pert (2). When the tyre 
is mounted on its regular rnm. inflated to its 
regular internal pressure and carries its normal 
load, the groove wklth (GW) of the circumferen- 
tial wide groove (5) is not less than 35 mm and 
not more tiian 0.35 times the ground contact 
width (TW) of ttie tread part (2). 
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Th present invention relates to a pneumatic tyre, particularly a low aspect radial tyre for passenger ve- 
hk:l s, capabi of providing higher cornering power so as to improve steering stability, whil nhancing dry 
and wet grip perfomrtances and providing reduction of pass-by n ise. 

Recently, as automobiles become quieter tyre nose has come to contribute at a higher rati to the total 
5 n ise I vel of an autormbil , and its reduction is demanded. Such noise reduction is specifically desired in a 
range around 1 kHz which forms the peak frequency of tyre noise, and sounds due to a columnar resonance 
generated by the circumferential grooves is one of the main sound sources in such high frequency range. 

On the other hand, in order to maintain the wet grip perfom^nce, the tread of tyre is generally provided 
with a plurality of circunrferential grooves continuously extending in the circumferential directbn. 
10 In such a tyre, when it is in contact with the ground, a kind of air column is formed by the road surface and 
the drcumferential groove. Then a sound of specific wavelength, whk:h is double the wave length of the air 
column is caused by airflow within the column during running. 

Such a phenomenon is referred to as columnar resonance, and provkies the main source of noise at 800 
to 1 .2 kHz. The wavelength of the columnar resonance sound is approximately constant to give a constant fre- 
15 quency regardless of the tyre's speed, and this noise increases sound inskle and outskie an automobile. 

Incidentally, since this noise around 1 khz is a sound easily herd by the human ear, the increase of noise 
with this frequency greatly influences tyre noise performance. 

In order to prevent cohimnar resonance, although reductton of the number or volume of the drcumferential 
grooves is known, such reductnns lead to a lower wet grip performance. 
20 On the other hand, although the wet grip performance can be increased contrarily by increasing the nunrv- 
ber or volume of drcumferential grooves, a simple increase causes reduction of dry grip performance, because 
the ground-contact area is reduced. Also, this causes a reduction of steering stability as the rigklity of the tread 
pattern is reduced, in additton to the increase in tyre noise. 

To achieve such contradictory performances, it has been attempted to satisfy both wet grip performance 
25 and steering stability by broadening the groove wkith of the drcumferential groove, and arranging the number, 
such as two or four, about the tyre equator. 

In the tyre of such constitution, however, when the load acting on the tyre shifts In the tyre axial direction 
at the time of cornering, since the groove volume is large, the ground contact pressure Increases abnomrtally 
at the load shifting side, and the steering stability in cornering, or the so-called turning steering stability is 
30 inferior. 

It is hence a primary object of the invention to provide a pneumatk: tyre capable of improved cornering 
power so as to Improve the steering stability including turning Peering stability whie enhandng the dry and 
wet grip performances and lowering the tyre noise. 

According to one aspect of the present inventkm, a pneumatic tyre comprises a tread part having one cir- 

35 cumferential wkle groove extending continuously in the tyre drcumferential directton, charcurterised in that a 
centrokl of a cross-sectk>n of the drcumferential wkle groove deviates from the tyre's equatorial plane so as 
to divide the tread part Into a narrow tread sectk>n and a broad tread sectk>n, one of the groove walls of the 
drcumferential wide groove extends along a curve convex outwardly in the tyre radial directbn from one of 
the txittom edge of the drcumferential wide groove and is snruxjthly connected to the outer surface of the tread 

40 part, and when the tyre is mounted on its regular rim, inflated to regular internal pressure and has applied its 
normal load, the groove width GW of the circumferential wide groove is not less than 35 nun and not ware 
than 0.35 times the ground contact wklth TW of the tread part 

The other groove wall of the drcumferential wkie groove may extend approxin^ately stra^ht f rom the other 
bottom edge of the drcumferential wide groove so as to cross the outer surface of the tread part The broad 

45 tread sectton may be provided with a drcumferential fine groove with a groove wktth W1 of 1 .5 to 7 mm. The 
arcuate groove wall of the drcumferential wide groove is preferably connected to the outer surface of the broad 
tread section. 

An embodiment of the present invention will now be described, by way of example, refenring to the attached 
diagrammatic drawings, in which: 
50 Fig. 1 is a sectional view showing an enrUx>dinDent of the invention; 

Fig, 2 is a enlarged sectk)nal view showing the configuratk>n of the tread part in Fig. 1; 
Fig. 3 is a partial flat vtew showing the tread pattern of the tyre in Fig. 1; 

Fig. 4 is a plan view showing the ground-contacting tread area of the tyre in Fig. 1 when a normal load is 
applied; 

55 Rg. 5 is a graph showing the relatU>n between th groov wklth and pass- by noise; 

Fig. 6 an niarged secttonat view showing another example of a conf iguratk)n of a tread part; 
Fig. 7 is a partial flat view showing the tread pattern of th tyre in Fig. 6; 

Fig. 8 is an enlarged sectkmal view showing still another xample of a configuration of the tread part; 
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Fig. 9 is a sectional view sh wing a configuration of the tread in a conventional tyre; and 

Fig. 10 is a sectional view showing a configuration of th tread in a comparative tyre of Tat>l 1 . 

Fig. 1 shows a tyre 1 of th invention in its normal state mounted n it regular rim R and inflated to its 
regular internal pressure. The regular rim is the rim of f rctalty approved for the tyre by for exampi JATMA (Ja- 
5 pan), TRA (USA), ETRTO (Europe) and th lik ;th regular internal pressure is th maximum air pressure for 
the tyre officially specif ted in Air-pressure/Max.-loads Table by for example JATMA, TRA, ETRTO and the like; 
and the normal load is the maximum k>ad for the tyre officially specified in Ajr-pressure/Max.-lo^ Table by 
for exanfn>le JATMA, TRA, ETRTO and the like. 

The tyre 1 comprises a pair of bead parts 14 each having a bead core 15, sktewall parts 13 extending 
10 from the bead parts 14 outwardly in the tyre radial direction, and a tread part 2 linking their outer ends. The 
aspect ratk> is between 0.4 and 0.6 to provide a low aspect tyre for passenger vehk:les. (Aspect ratk> = sectional 
height / tyre width.) 

A radial carcass 16 comprising two plies 16A, 16B extends between the bead parts 14. Both edges of the 
carcass 16 are folded back from the inside to the outskle around the bead cores 15, and a belt layer 1 7 is pro- 
is vkied at>ove the carcass 16 and radially inwards of the tread part 2. 

In additk)n, a rubt>er bead apex 18 extending radially outward from each bead core 15 is provkied between 
the main part of the carcass 16 and the folded back part thereof so as to maintain the shape and rigkjfty of the 
bead part 14. 

The belt layer 17 comprises plural belt plies of conte aligned at an angle of 15 to 30 degrees to the tyre 
20 equator and coated by a topping rubber. The belt cords have a high tensile strength, such as ^eel or aromatic 
pdyamkie, and are arranged to cross to each other between the belt plies. For the carcass cords, in the case 
of a tyre for passenger vehicles, such organic fibre cords as nylon, rayon or polyester may be generally env 
ptoyed. 

The tread part 2 has one circumferential wkle groove 5 formed asymmetrically in the groove sectional 
25 shape and extending continuously substantially in the circumferential dlrectbn. 

The circumferential wkle groove 5 comprises a groove t>ottom 7 sut>stantially parallel to the outer surface 
11 of the tread part 2, an arcuate groove wall 9 ^ctending along a curve convex outwardly in the tyre radial 
directnn from one groove bottom edge 7a of the groove bottcxn 7 so as to connect smoothly with the outer 
surface 11 of the tread part 2 at an upper wall point 9a, and an oUique groove wall 1 0 extending approximately 
30 straight from the other groove bottom edge 7b so as to intersect the outer surface 1 1 of the tread part 2 at the 
upper ¥vall point 10a. 

Incidentally, when a normal load is applied to the tyre in the nonmal state, as shown in Fig. 4, a ground- 
contacting tread area F where the tread 2 contacts with the ground is obtained. The ground-contacting tread 
area F is composed of an area F1. where the outer surface 11 of the tread part 2 contacts the ground, and an 
35 area F2, where an upper region 9S of the arcuate groove wall 9 contacts the ground. 

Then, the ground contact width TW of the tread part 2 is defined as the length between the axially outer 
edges of the ground-contacting tread area F, ttet is the tread edges El, E2. The groove wktth GW of the cir- 
cumferential wide groove 5, when a nomrral load applied to the tyre in the normal state, is defined as the 
length from the upper wall point 1 0a of the oblique groove wall 1 0 to the upper regbn 9S of the arcuate groove 
40 wall 9. 

The configuration of the tread part 2 is formed as a sir^le arc having a centre on the tyre's equatorial plane 
CL and a large radius of curvature R1 . If this radius of curvature R1 is small, the ground contact area decreases, 
which nrtay lead to decline of the grip performance on the dry read surface, or steering stability in cornering. 
The rEKJius of curvature R1 is preferably 3 tinves or nrK>re of the ground contact width TW of the tread part 2, 

45 and its upper limit may t>e permitted to approach a straight line parallel to the tyre axis. 

The groove depth D of the circumferential groove 5 measured from the groove bottom 7 to the outer surface 
11 of the tread part 2 is set in the range of 4 to 8% of the ground contact width TW of the tread such as, for 
example, 7.5 to 15.0 mm, preferably 8.4 mm for a tyre of 205/55R15 in size. 

A centrokl G of the groove sectional shape of the circumferential wkle groove 5 is displaced in the axial 

50 directk>n from the tyre's equatorial plane CL, so that the tread part 2 is divkJed into a narrow tread sectk>n 3 
and a bro£K) tresd sectkHi 4. In the embodiment, the centroid G of the groove sectk)nal shape is disposed on 
the mkidle plane between the tyre's equatorial plane CL and one tread edge E1. The arcuate groove wall 9 
then comes in to contact with the outer surface of the broad tread part 4, and the oblique groove wall 1 0 crosses 
th outer surface of the narrow tread sectk>n 3. 

55 By directing the tread part 2 into the narrow tread section 3 and the broad tread sectk>n 4 as mentk)ned 

above, the shape of the ground-contacting tread area F is made £»ymmetrical about the tyre's equatorial plane 
CL as shown in Fig. 4. By then fitting the tyre on a v hk:le so that the narrow tread section 3 is positbned 
inwards of the vehtele, when cornering the load is shifted on to th broad tread secti n 4. As a result, th tread 
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part 2 positioned at the outside of the v hid where th ground contact pressure is high in cornering is in- 
creased in ground contact area and grounding rigidity, so ttiat th steering stability in corn ring and cornering 
performance is enhanced. 

Onth other hand, since the groove depth D of th circumferential groov 5 gradually increases t>ecause 

5 th upper region 9S of the arcuate groove wall 9 comes in contact with the ground, and th circumferential 
groove has a wide groove width 6W, the water discharge performance on the tread surface is improved, and 
hydroplaning phenomenon is decreased, so that the wet grip performance is enhanced. 

In the emtxxiiment, the arcuate groove wall 9 is formed t»y a single arc with a radius of curvature RO as 
shown in Figs. 1 and 2, but it may be formed as an elliptical arc or other quadratic curve, or may be formed 

10 by smoothly connecting two or nrK>re different convex curves. 

The oblique groove wall 10 is, also, inclined at an angle 0 of 15 degrees or less, or preferably 5 degrees 
or less to the normal on the outer surfece 11 of the tread part 2, so that an edge effect vnth a road surface is 
provided at the upper wall point 10a to help maintain the dry grip perfomiance by increasing lateral force. In 
addition, by defining the angle 0 within the above range, the dimensional change of the circumferential groove 

15 5 due to wear progress is suppressed. Meanwhile, the oblique groove wall 1 0 may be connected to the groove 
bottom 7 or the outer surface 11 of the tread part 2 through an arc 

The groove width GW of the circumferential wide groove 5 is defined to be not less than 35 mm and no 
more than 0.35 tin^ the ground contact width TW of the tread part 2. 

Having defined the dimension of the groove width GW, the relation between the groove width GW and 

20 pass-by noise was checked experimentally. In a tyre size of 205/55R15, as stown in Fig. 5, at groove widths 
GW of 7 to 35 mm, pass-by noise was poor, but when the groove width GW is less than 7 mm or nnore than 
35 mm, it was confirmed pass-by noise was reduced. Since the pass-by noise is attributatHe to the air column 
resonance, it varies with the size of the groove width GW itself, regardless of the tyre size. 

On the basis of this result, the groove width GW is defined as 35 mm or more. In addition, because the 

^ upper region 9S of the arcuate groove wall 9 comes in contact with the ground as mentioned above, the ground- 
contacting area F2 is provided with widened parts 9A at the front and the back of the ground-contacting centre 
Q as shown in Fig. 4, thereby preventing air column resonance and decreasing the pass-by noise more effec- 
tively. Beskies, if the groove width exceeds 0.35 times the ground contact tread width TW, the ground contact 
pressure becomes excessive, and wear resistance is inferior and durability is lowered. 

30 The broad tread section 4 is provided with a fine groove 6 extending straight and continuously in the cir- 
cumferential direction in the embodiment The width W1 of this fine groove 6 is set in the range of 1.5 to 7 nrun, 
and the groove depth D1 of the fine groove 6 is defined in a range of 0.4 to 0.9 times the groove depth D of 
the drcumferential wide groove 5. In the emtxxiiment, the fine groove 6 is posittoned nearly on the middle plane 
between the tyre's equatorial plane CL and other tread edge E2. 

35 By provkling such a fine groove 6, the pattern rigidity of the broad tread section 4 can be controlled prop- 
erly, and the water discharge performance in the broad tread section 4 is further enhanced while provkling a 
heat radiation effect and tow noise chf^acteristic. Inddentally, if the groove wklth W1 is larger than 7.5 mm, 
and the groove depth D1 is more than 0.9 tinnes the groove depth D. air column resonance is generated to 
worsen the tyre noise. Also if the groove depth D1 is less than 1 .5 mm or less than 0.4 times the groove wkith 

40 D, the heat radiation effect is insuff ident 

The fine groove 6 may be disposed at any desired positton of the broad tread section 4 as required, and 
particularly by setting at the symmetrical position of the drcumferential groove 5 about the tyre's equatorial 
plane CL as in this emtxxiiment, the running stability is improved, especially in straight running performance. 
The broad tread section 4, if the wet and dry grip performance can be sufficiently exhibited by one cir- 

45 cumferential groove 5 only, may be formed without using any fine groove as in Fig. 6, or, as indicated by a 
single dot chain line in Fig. 6, the fine groove 6 may be disposed on the tyre's equatorial plane CL. By disposing 
the fine groove 6 on the tyre's equatorial plane Ct^ the water discharge perfonmance is enhanced, and the 
wet grip performance may be further improved. 

In the embodiment, the narrow tread section 3 and the broad tread section 4 are respectively provided 

so with lateral fine grooves 22. The lateral fine grooves 22 extend towards the outside of the tyre at an indination 
angle of 10 degrees or more to the tyre axial direction, and the outer ends thereof open at the tread edges El , 
E2. The lateral fine grooves 22 have a groove depth D2 6f 0.4 to 0.9 times the groove depth D of the circunv 
ferential wide groove 5. If the groove depth D2 is nrK>re than 0.9 times the groove depth D, or the indination 
angled less than 10 degrees, then th pitch noise of the lateral fine groov 22isexcessivelyhigh.lfth groov 

S5 depth D2 is less than 0.4 times the groove depth D, a sufficient heat radiati n effect is not btained. 

Inth lateralfin grooves 22, the angt ofth groove walls of th grooves 22 to a normal to the outer surface 
llofth tread part 2, that is, the indination gradient of th groove walls is set at 15 degrees r less, more 
preferably 5 degrees or less, respectively, and any din^nsional change of th fin groove 22 du to wear of 
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tyre thereby controlled. 

In the emt)odiment, circumferential fine grooves 23, 23 having a similar construct! n to th drcumferentlaL 
fin groove 6 are disposed near th tread edges E1 , E2, thereby further improving th steering stability in cor- 
nering! ^ 

Fig. 8 shows exampi ofth configuration of th tread part 2. In this embodiment, the arcuate groove wall 
9 comes into contact with the outer surface of the narrow tread section 3, and the oblique groove wall 10 
crosses the outer surface of the broad tread section 4. The lateral fine grooves 22 provided in the narrow or 
broad tread sections 3, 4 may t>e connected to each other in the tyre axial direction by a circumferential fine 
grove or sipes 24 having sut>stantially no groove width, as shown in Fig 7, and the invention may be modified 
in various modes. 

As an example to show the effect of the invention a tyre of 205/55R15 in size was produced according to 
the specifications shown in Table 1 , and measured for pass-by noise, cornering power, hydroplaning-indudng 
speed and steering stability. The results of the measurement were compared and shown in the table. The tyres 
were tested and measured nruHinted on their regular rim R and inflated to regular internal pressure. 
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50 Claims 



1. A pneumatic tyre (l)compnsing a tread part (2) having one circumferential wkJe groove (5) continuously 
extending in the tyre circumferential direction, characterised in that a centroid (G) of a cross-section of 
th circumferential wide groove (5) d viates from the tyre's equatorial plane (CL) so as to divide the tread 
55 part (2) into a narrow tread section (3) and a broad tread sectkMi (4), one (9) of th groov walls (9,10) 

of the circumferential wide groove (5) extends al ng a curve convex outwardly in th tyre radial direction 
from n (7a)ofth bottom edg (7a.7b)ofth ctrcunrferential wid groov (5) and is snK>othly connected 
to the outer surface (11) of the tread part (2), and when the tyre is mounted n its regular rim (R), inflated 
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to regular internal pressure and has applied its normal load, the groove width (GW) of the ctrcumf erenttal 
wid groove (5) is not less than 35 mm and not more than 0.35 times the ground contact width TW of th 
tread part (2). 

5 2. A pneunnatic tyre according to dalm 1 . characterised in that the centroid (G) of a cross-section of the cir- 
cumferential wide groove (5) is positioned on the middle plane t)etween the tyre's equatorial plane (CL) 
and the tread edge (E1). 

3. A pneumatic tyre according to daim 1 or 2, characterised in that the broad tread section (4) is provided 
10 with a fine groove (6 ) exteruling continuously in the tyre drcurrrferential directk>n and having a groove 

width (W1) in a range of 1.5 to 7 mm. 

4. A pneumatic tyre according to daim 2, characterised in that the fine groove (6) is positioned on the middle 
plane (CL) between the tyre equatorial plane and the tread edge (E2). 

15 

5. A pneumatic tyre according to daim 2, characterised in that the fine groove (6) is positioned on the tyre 
equatorial plane (CL). 

6. A pneumatic tyre according to any of daims 1 to 5, characterised In that the other one (10) of the groove 
20 walls (9, 1 0) of the drcumferential wide groove (5) extends approximately straight from the other tx>ttom 

edge (7b) of the circumferential wide groove (5) and crosses the outer surface (11) of the tread part (2). 

7. A pneumatic tyre according to any of daims 1 to 6, characterised in that the arcuate groove wall (9) of 
the drcumferential wide groove (5) is snu>othly connected to the outer surface (11) of the t>road tread sec- 

25 tion. 

8. A pneumatic tyre according to any of dain^s 1 to 7, characterised in that the arcuate groove wall (9) of 
the circumferential wide groove (5) is snrx>othly connected to the outer surface (11) of the narrow tread 
section. 

30 
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